AMED, and DASH) and the subsequent risk of CVD (in the subsequent 4-year follow-up). In addition, this study examined long-term effects of diet quality scores on CVD using changes in the 3 diet quality scores from baseline to the first 4-year follow-up to predict subsequent 20-year risk of CVD.
Methods

Study Population
The Health Professionals Follow-up Study (HPFS), an ongoing cohort, was established in 1986 and consists of 51 529 US male health professionals 40 to 75 years of age from all 50 US states. The Nurses' Health Study (NHS), also an ongoing cohort, began in 1976 and consists of 121 700 registered female nurses 30 to 55 years of age from 11 US states. Participants from both cohorts responded to validated questionnaires inquiring about detailed medical history, lifestyle, and other health information 17 at baseline and every 2 years thereafter to update information on lifestyle practices, risk factors, and chronic disease occurrence. 18 Detailed description of the 2 cohorts has been given elsewhere. 19 With 1986 used as baseline for both cohorts in the present investigation, detailed information about diet and lifestyle was assessed with follow-up until 2010.
We excluded men and women who had a baseline history of CVD (myocardial infarction, angina, stroke, transient ischemic attack, and coronary revascularization) or cancer because the diagnoses of these conditions might have changed diet. We also excluded participants who left >10 food items blank on the baseline food frequency questionnaire (FFQ), had missing information at baseline on the 3 diet quality scores and other lifestyle covariates, and were out of the predefined limits of energy intake levels (<800 or >4200 kcal/d for men and <500 or >3500 kcal/d for women). After exclusions, we followed up 29 343 men in the HPFS and 50 195 women in the NHS .
The study protocol was approved by the institutional review boards of Brigham and Women's Hospital and Harvard Chan School of Public Health. All participants gave informed consent.
Assessment of Diet Quality
In the HPFS and the NHS, dietary information was collected with the use of a validated, 131-item semiquantitative FFQ. Every 4 years, FFQs were sent to the participants to update information on diet. Participants were asked how often, on average, they consumed each food of a standard portion size in the past year. The frequency responses ranged from never or less than 1 time per month to ≥6 times per day. The reproducibility and validity of the FFQs have been described in detail elsewhere, 4, 20, 21 showing good correlation between nutrients assessed by the FFQ and multiple weeks of food records. 21 We calculated the 3 diet quality scores from the FFQ ( Table I in the online-only Data Supplement).
The AHEI-2010 was based on a comprehensive review of foods and nutrients that have consistently been associated with lower risk of chronic disease in clinical and epidemiological investigations. 4 The score emphasized higher intake of vegetables, fruit, whole grains, nuts and legumes, long-chain n-3 fats, and polyunsaturated fatty acids and lower intake of sugar-sweetened beverages and fruit juice, red and processed meat, trans fat, sodium, and alcohol. All components were scored from 0 (unhealthy) to 10 (healthiest), and the total score ranged from 0 (nonadherence) to 110 (perfect adherence).
The AMED score was modified and adapted to the Mediterranean diet scale designed by Trichopoulou et al. 22 The components included vegetables, fruits, whole grains, nuts, legumes, fish, red and processed meat, alcohol consumption, and monounsaturated fat-to-saturated fat ratios. For these components, participants consuming above the median intake received 1 point and those below the median intake received 0 points; red and processed meat consumption below the median received 1 point; and alcohol intake between 5 and 15 g/d (women) and 10 to 25 g/d (men) was assigned 1 point. The total score ranged from 0 to 9, with a higher score representing closer resemblance to the Mediterranean diet.
The DASH score was based on food and nutrients emphasized or minimized in the DASH diet and focused on 8 components. 6 For each component, we classified participants into quintiles according to intake ranking (ranging from 1-5, with 5 being the best score for higher intake of fruits, vegetables, nuts and legumes, low-fat dairy products, and whole grains and 5 being the best score of lower intake in sodium, sweetened beverages, and red and processed meat). Total score ranged from 8 to 40 points.
Assessment of CVD
We included incident cases of CVD defined as coronary heart disease (CHD; including fatal and nonfatal myocardial infarction and coronary artery bypass surgery) and stroke. When a participant reported an incident event on each biennial questionnaire, permission was requested to examine medical records, which were reviewed by study investigators blinded to the participant's risk factor status. For each event, the month and year of diagnosis were recorded as the diagnosis date. Myocardial infarction was defined according to the World Health Organization criteria and cardiac-specific troponin levels. 23 Stroke was confirmed by use of the National Survey of Stroke criteria, requiring a constellation of neurological deficits, sudden or rapid onset, and duration of at least 24 hours or until death. 24 The information on coronary artery bypass surgery was based on unconfirmed self-reports, which have high validity in these cohorts. 25 When medical records were not available, interviews or letters confirmed CHD and stroke events that were designated as probable. Deaths were identified from the state vital statistics records and the National Death Index or were reported by families and the postal system. 
Assessment of Covariates
Updated biennial information on lifestyle and CVD risk factors was assessed, including age, weight, smoking status, aspirin use, menopausal status, postmenopausal hormone therapy and oral contraceptives use, physical activity, and newly diagnosed chronic disease such as hypertension, hypercholesterolemia, and diabetes mellitus. Physician-diagnosed hypertension, diabetes mellitus, and high cholesterol were ascertained biennially. Height and parental history of CVD before 60 years of age were ascertained for women in 1976 and for men in 1986. Height and weight were used to calculate body mass index (BMI). Every 4 years, alcohol intake was updated on the FFQs.
Statistical Methods
We used Cox proportional hazards models with time-varying covariates and age as the underlying time scale to assess the association between the updated 4-year changes in the 3 diet quality scores and the subsequent risk of CVD, including separate models for CHD and stroke. The models incorporating diet scores that were updated every 4 years provided an estimate of the increased risk of a person having a CVD event in the subsequent 4 years given that the person was event free before that 4-year period. Changes in the 3 diet quality scores were divided into quintiles to calculate the hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) for CVD. Person-years were calculated from the date of return of the baseline questionnaire to the date of diagnosis of CVD, death, or loss to follow-up or the end of follow-up (January 31, 2010, for HPFS and June 30, 2010, for NHS), whichever came first. We adjusted for the following potential confounders: age, race, family history of CVD, menopausal status and postmenopausal hormone use, aspirin use, and change in smoking status (never to never, never to current, past to current, current to past, and current to current) during each 4-year period. We also adjusted for baseline and 4-year changes in physical activity and energy intake. For each individual diet quality score as exposure, we also adjusted for baseline diet quality score. In addition, baseline and 4-year time changes in alcohol intake were included in the model when the DASH score was analyzed because this component was not included in the score definition. A test for linear trend across quintiles of change was performed by assigning a median value to each quintile, producing a single continuous variable used to model the P trend. December 8, 2015
Additionally, a 20-percentile increase in each score was calculated from the median value of each quintile In an additional model, to assess whether hypertension, hypercholesterolemia, diabetes mellitus, BMI, and weight change were potential mediators or confounders, we further included updated 2-year history of hypertension, hypercholesterolemia, diabetes mellitus, baseline BMI (<23, 23-24.9, 25-29.9, 30-34.9, ≥35 kg/m 2 ), and changes in body weight in each 4-year period as time-varying covariates..
To examine the long-term association of diet quality scores on CVD, changes in the 3 diet quality scores were analyzed from baseline to the first 4-year follow-up (1986) (1987) (1988) (1989) (1990) ) to predict subsequent 20-year risk of CVD (1990 CVD ( -2010 .
In addition, a sensitivity analysis was conducted assessing the AHEI and AMED without the alcohol component and including both baseline and changes in alcohol intake as covariates. We tested for potential effect modification by current smoking status; presence of hypertension, hypercholesterolemia, or diabetes mellitus; baseline diet quality scores; physical activity; baseline BMI; and changes in weight.
In each cohort, all analyses were performed separately to achieve better control of confounding. For the primary analyses, to obtain overall estimates for both men and women and to increase statistical power, HRs and CIs were calculated from the multivariable-adjusted models in both cohorts combined with the use of an inverse, varianceweighted meta-analysis with a random-effects model, accounting for heterogeneity between studies. All statistical tests were 2 sided and performed with SAS version 9.4 for UNIX (SAS Institute, Cary, NC).
Results
During 1 394 702 person-years of follow-up, we documented 11 793 incident CVD cases (6228 in HPFS and 5565 in NHS). In both cohorts, participants with the largest decrease in diet quality scores tended to have greater weight gain over a 4-year period and higher diet scores at baseline compared with those with relatively stable diet ( Table 1) . Participants with the greatest increase in diet scores initially tended to have lower total energy intake, decreased consumption of alcohol, lower diet scores, and increased physical activity over a 4-year period. The updated and baseline changes in the 3 diet quality scores were significantly correlated (Table II in the online-only Data Supplement).
The HRs and 95% CIs for CVD risk based on 4-year changes in diet quality scores are presented in Table 2 . Compared with individuals whose diet quality remained relatively stable (no change) in each 4-year period, those with the greatest improvement (11% to 22%) in diet quality had a 7% to Table 2 ). We explored the association with CHD and stroke separately. For CHD, individuals with the highest quintile of change in the AHEI had a 12% lower CHD risk (95% CI, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . There was a significant inverse trend in CHD risk across quintiles in the DASH score over 4-year periods (P for trend=0.023; Table III in the online-only Data Supplement). No significant association was found for the association between the AMED and CHD risk; however, for stroke risk, there was a significant inverse association across quintiles over 4-year periods (P for trend=0.026). For the DASH score, participants in the highest quintile presented a 15% lower stroke risk (95% CI, . A 20-percentile increase in the AHEI and the DASH score was significantly associated with a 6% and 9% lower CHD risk, respectively, and a 20-percentile increase in the AMED and the DASH scores was significantly associated with a 7% and 9% lower stroke risk, respectively (Table III in the online-only Data Supplement). The associations remained after weight change was removed from the multivariable model.
To examine the long-term association for changes in diet quality scores and CVD risk, we used changes in diet quality scores from baseline to the first 4-year follow-up to predict risk of CVD in the subsequent 20-year follow-up (Table 3) . In pooled multivariable analyses, increasing the diet scores (12% to 22%) from baseline to the first 4-year follow-up was associated with lower risk of CVD during the next 20-year follow-up (AHEI, 7% [95% CI, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] ; AMED, 9% [95% CI, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] ). Although an increase in the DASH score was not associated with lower CVD risk, a decrease (16%) was associated with an 8% (95% CI, 2-15) higher CVD risk over the next 20 years. Consistent results were found for CHD risk, whereas no significant association was found for stroke risk (Table IV  in Table V in the online-only Data Supplement). Additionally, the overall Kaplan-Meier estimate of the cumulative risk of CVD and the crude incidence each 4-year period and at the 20-year followup is provided in Figure I in the online-only Data Supplement.
The joint analysis using initial and subsequent 4-year diet quality scores by tertiles showed that, compared with participants who had the lowest adherence to diet scores at baseline and 4 years later, those with the poorest adherence at baseline who made the largest improvements in diet quality in the following period had a significant 15% lower CVD risk for both the AHEI (95% CI, 2-25) and the AMED (95% CI, . Having the highest adherence at baseline and maintaining this adherence over 4 years later was associated with 13% to 16% lower CVD risk (pooled HR: AHEI, 16% [95% CI, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] ; AMED, 13% [95% CI, 7-18]; DASH, 13% [95% CI, 7-18]; Figure I in the online-only Data Supplement).
After multiple testing corrections, no significant effect modification was found for current smoking status; presence of hypertension, hypercholesterolemia, or diabetes mellitus; baseline diet quality scores; physical activity; baseline BMI; and changes in weight.
In sensitivity analyses, after the alcohol component was removed from the AHEI and AMED scores, the association between the highest quintile of change in the diet scores and CVD risk was attenuated; however, there was a significant inverse linear trend in CVD risk across quintiles of change (Table VI in the online-only Data Supplement).
Discussion
In 2 large, prospective cohorts of men and women, we found that an increase in diet quality as assessed by 3 scores over 4-year periods was associated with lower CVD risk in the ), weight change (quintiles) during the 4-year period, and simultaneous changes in other lifestyle factors: smoking status (never to never, never to current, past to past, past to current, current to past, current to current, or missing indicator) and initial and changes (all in quintiles) in physical activity and total energy intake. Model 2: model 1 plus type 2 diabetes mellitus (yes or no), hypertension (yes or no), and hypercholesterolemia (yes or no). For DASH, additionally adjusted for change and initial alcohol intake (in quintiles).
*The 20-percentile increase in each score was calculated from the median value of each quintile.
by guest on January 13, 2018
http://circ.ahajournals.org/ Downloaded from following 4 years independently of baseline diet quality score or changes in other lifestyle factors. This short-term association persisted in the long term for the AHEI and AMED. In addition, a decrease in the DASH score was associated with higher CVD risk in the long term. The CVD risk was more pronounced for a reduction in any of the 3 diet quality scores in longer-term than in short-term follow-up. Although the 3 diet quality scores analyzed in this study were developed for slightly different purposes and vary in the food and/or nutrient components and optimal cutoffs, they all capture essential elements of a high-quality diet. This is evidenced by the strong correlations between the scores observed in our study, as well as the consistent magnitudes of association with CVD. Existing evidence supports the association between adherence to these 3 diet quality scores and lower risk of chronic diseases, including CVD. [4] [5] [6] The AHEI-2010 has been associated with major chronic disease risk, 7, 26, 27 including an inverse association with CVD risk. 4 Further observational studies have shown that a higher AHEI score was associated with a reduction of 18% to 26% for CVD death in different populations. [8] [9] [10] 14 As for the AMED, previous meta-analyses of prospective studies have reported an inverse association between the Mediterranean diet and CVD risk 11, 12 : For each 2 additional points in the AMED, there was a 13% (95% CI, 10-15) significant reduction in cardiovascular events. 12 Analyzing the DASH and CVD incidence, another meta-analysis for 6 cohort studies with a total of 260 011 adults showed that higher adherence to a DASH-style diet was associated with a 20% decrease in risk of CVD (95% CI, 24-36). 28 The findings in our present study extend the previous results and demonstrate that changes in diet quality scores are associated with both short-and long-term CVD risk.
To translate our results to the general population and to better compare the scores, we reported that a 20-percentile change in any of the 3 diet quality scores every 4 years was associated with a significantly lower CVD risk in the following 4 years (9% for the AHEI, 3% for the AMED, and 6% for the DASH). As an example, a person increasing 22 points of 110 for the AHEI-2010 score (eg, increasing nuts and legumes up to 1 serving per day and not consuming sugar sweetened beverages and fruit juice daily) over a 4-year period could lower the CVD risk by 9% in the subsequent 4 years independently of the initial diet quality score and other lifestyles. The slight variations in the strength of the association between the 3 scores and CVD risk may be due to differences in the scoring systems. When changes over time are evaluated, the wider categorizations such as those used to define the AMED and the DASH may narrow the range of possible scores and likely limit the detection of differences among groups. In contrast, the continuous scale of the AHEI has the advantage of increasing the sensitivity and therefore the ability to detect changes over time.
When we studied CHD separately, the subsequent 4-year CHD risk had a significant association similar to that for CVD with 20-percentile changes in diet quality scores for the AHEI and the DASH but not for the AMED. Although the 3 diet scores share common healthy components, the AHEI and the DASH have specific variables more relevant to Western diets (eg, sugar-sweetened beverages, red and processed meat, and sodium intake) than the AMED, which could explain the different results. With regard to stroke, we found an association between the 20-percentile change in the AMED and DASH scores but not with the AHEI. The DASH diet was first tested in randomized, controlled trials to reduce blood pressure, 29 a major risk factor for stroke. 30 Moderate alcohol consumption, which has consistently been associated with a reduced risk of CHD, 31 was included in the AHEI and AMED but not in the DASH because the association for blood pressure was not as , weight change (quintiles) during the 4-year period, and simultaneous changes in other lifestyle factors: smoking status (never to never, never to current, past to past, past to current, current to past, current to current, or missing indicator) and initial and changes (all in quintiles) in physical activity and total energy intake. Model 2: model 1 plus type 2 diabetes mellitus (yes or no), hypertension (yes or no), and hypercholesterolemia (yes or no). For DASH, additionally adjusted for change and initial alcohol intake (in quintiles).
clear. 32 In sensitivity analysis, removing the alcohol component from the AHEI and the AMED attenuated the association to null in the AHEI for the highest quintile of change for CVD and CHD risk. However, for stroke, the association did not change. These results were consistent with our previous findings that moderate alcohol intake was an important contributor to cardiovascular mortality. 8 Our study showed that the association between increasing diet quality and lower CVD risk in the short term (4 years) persists in the long term. Using the first 4-year changes in diet quality in the analysis, we found that increasing the AHEI and AMED scores was associated with significant lower CVD risk at 7% and 9%, respectively, in the long term. On the contrary, the decrease in the DASH score was associated with an 8% increase in CVD risk. The increase in CVD was greater (14%-16%) with a decrease in diet quality in a longer period (16 years) , suggesting that this association is more pronounced in longer-term than short-term follow-up. The results for CVD risk were consistently seen in CHD risk but not in stroke. Although Fung et al 6 found an inverse association between the DASH and risk of stroke, other studies could not replicate this association, 15, 16, 28 suggesting that the DASH diet may not offer long-term benefit for stroke risk. 16 In addition, it is possible that DASH is harder to capture with an FFQ because sodium is more difficult to measure.
Joint analysis of initial and subsequent 4-year diet scores confirmed that maintaining consistently high adherence to diet quality scores was related to lower CVD risk compared with a consistently low adherence to diet scores. In addition, our results underscore that middle-aged participants with low adherence to diet quality scores in the beginning can still reduce their CVD risk by improving their diet quality.
The strengths of this study include a prospective, population-based design, a large sample size, a long follow-up, and repeated validated dietary and lifestyle data. The consistent results from these longitudinal cohorts, combined with randomized, controlled trial data (eg, the Prevención con Dieta Mediterránea [PREDIMED] Study 13 and the Lyon Diet Heart Study 33 ) , support diet quality improvements as an important strategy to prevent CVD. Finally, looking at short-and longterm diet changes, our analysis allows a more appropriate and practical evaluation of how dynamic and realistic changes in diet quality are associated with CVD risk.
Limitations of our study need to be considered. First, because dietary information was self-reported, measurement error and misclassification were inevitable. This error is likely to be substantially greater than in our typical prospective analyses because, in the assessment of change, both the baseline and follow-up questionnaire contribute to error, whereas in our usual prospective analysis error, is dampened by the use of the average of repeated questionnaires. 34 As a result of the prospective design, misclassification and measurement error were most likely nondifferential, but attenuation of associations toward the null is likely large. Because the AMED or DASH score assignment depends on the population-relative intake, when applied to different populations, individuals with the same score may have a different intake of each component. Second, our study population, consisting of white nurses and health professionals, could limit the generalizability of the results. Third, residual confounding is always a concern in observational studies; however, we were able to adjust for measured time-dependent confounders. Finally, despite the fact that we were able to adjust for diabetes mellitus, hypertension, and hypercholesterolemia, other potential clinical conditions could modify diet and confound the associations.
Conclusions
In this large study of US men and women, improving adherence to diet quality scores over time is associated with significantly lower risk of CVD in both the short term and long term. The increase in CVD with a reduction in diet quality is more pronounced in longer-term than short-term follow-up. Our results provide further evidence that modest improvement in diet quality over time confers benefits for CVD prevention.
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